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REZUMAT / ABSTRACT

A

i n acest articol vrem sa prezentim suprafetele craituite cu plasma manuala si mecanizatd si caracterizarea

suprafetelor prin rugozitate, microstructurd, macrostructuré si duritate. In urma procesului de créituire s-au

masurat noxele.

La experimente s-au folosit doua materiale de baza, primul este un otel S355J2, cu caracteristicile mecanice de
rezistenta cele mai inalte si este recomandat pentru a fi utilizat pentru constructiile foarte intens solicitate.

Al doilea material de baza este un aliaj de aliminiu AIMg3 (EN AW-5754, EN 10204/3.1), foarte sudabil, rezistent
la coroziune in special la mediul marin si in atmosfera industriala.

I n this article, we show some aspects of the gouged surfaces, both with manual and with mechanized plasma;
as well as the surface characterization, by microstructure, macrostructure and hardness. During the

experiments, two basic materials were used.

The former is a steel S355J2, with the highest resistance, in terms of mechanical characteristics, which is

recommended for intensely solicited constructions.

The latter is an aluminum alloy AIMg3 (EN AW-5754, EN 10204/3.1), which is easily weldable, resistant to
corrosion, especially in the marine environment and in the industrial atmosphere.
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1. MOD DE LUCRU

In cadrul cercetirii au fost folosite 2 procedee de
craituire, craituire manuald cu plasma si respectiv
craituire mecanizatd cu plasma. Plasma este un gaz
ionizat. La tdierea si craituirea cu plasma se foloseste
ca gaz plasmagen, aer comprimat, O,, N, sau argon.
La otelurile de constructie si la piesele cu cerintd de
calitate scazuta, de obicei se foloseste ca gaz
plasmagen si ca gaz de protectie aerul comprimat.
Aerul comprimat este cel mai utilizat si cel mai ieftin
gaz plasmagen folosit la cradifuire cu plasma.
Principalele componente din aer sunt azotul (aproxi-
mativ 70%) si oxigenul (proximativ 21%). Utilizarea
aerului comprimat pentru craituirea cu plasma, permite
combinarea proprietatilor din cele doud gaze,
obtindndu-se calitdti si viteze bune la cratuirea
otelurilor de constructie si la aluminiu.

Craituirea cu plasma este un procedeu neconventional.
Este folosit un aparat de taiere/craituire cu plasma.

1. WORKING METHOD

In the framework of the research, two gouging
procedures, namely manual plasma gouges and,
respectively, mechanized plasma gouging, were used.
Plasma is an ionized gas, for plasma gouging
and cutting, either O, or N, or argon is used as
plasmagen gas. For construction steels and pieces
with low quality requirements, the compressed air is
usually used as plasmagen gas and as protection gas.
The compressed air is the most frequently used and
the least expensive plasmagen gas, for plasma
gouging. The main components of the air are nitrogen
(approximately 70%) and oxygen (approximately
21%).

The use of compressed air for plasma gouging allows
the combination of the properties specific to the two
gases, obtaining thereby good qualities and speeds for
gouging construction steels and aluminum.

Plasma gouging is an unconventional procedure, for
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Arcul de plasma are rolul de a topi materialul de baza
si cu ajutorul unui jet de aer comprimat metalul topit
este indepartat din canal. La craituirea mecanizata cu
plasma s-a folosit un dispozitiv linear de sudare si
taiere la care prinderea pistoletului de sudare a fost
adaptatd in asa fel incat pistoletul sa poata fi inclinat
la unghiuri de 30-45°, ceea ce este necesar la procesul
de craituire

In Figura 1 este prezentatd schema de principiu de
functionare a procedeului de criituire cu plasma
manuala.

whose purposes, a plasma cutter / gouger was used.
The plasma arc is designed to melt the basic material
and, with the aid of a compressed air jet, the molten
material is pushed out from the channel. For
mechanized plasma gouging, a linear welding and
cutting device has been used, in whose case the grip
of the welding pistol has been adapted so that the
pistol be inclined at angles of 30-45° which is
necessary, in the gouging process

In Figure 1 the schematic diagram for the operation
of the manual plasma gouging procedure is show.

Fig. 1. Schema de principiu a craituirii cu plasma / Schematic diagram of plasma gouging

In Figura 1 este prezentatd schema de principiu a
craituirii cu plasma. Piesa de lucru (1) este fixata pe un
banc de lucru si este legatd la borna de masa a
aparatului de taiere/craituire Powermax 45. Pistoletul
de criituire este inclinat la 45° fata de piesa de lucru.
Migcarea de avans a pistoletului este data de migcarea
mainii operatorului. Aceasta poate sd oscileze putin
pentru a obtine un canal mai lat.
Capul de craituire are In componenta sa urmatoarele
elemente:
- electrodul ecranat (5) care este legat la generatorul
de plasma,
- duza (4) de constrangere a arcului de plasma,
- duza de protectie (3) care are rolul de a proteja
electrodul,
- duza de cAmp electromagnetic care dirijeaza fluxul
de aer comprimat (6) catre piesa de lucru.
Amorsarea arcului de plasma (7) se realizeaza prin
apropierea pistoletului de craituire citre piesa de lucru
(1). Apoi pistoletul se deplaseaza cu vitezd constanta
catre directia de inaintare. Arcul de plasma topeste
materialul de baza, iar aerul comprimat expulzeaza
materialul topit. In urma pistoletului care se deplaseaza
se poate observa canalul craituit (2).
Punerea in functiune este facuti astfel. Inainte de
aprindere, pistoletul se tine astfel Incat duza sa se afle
la 1,5 mm fatd de piesa de lucru. Se tine pistoletul
intr-un unghi de 45° fatd de piesa de lucru, cu o fanta
mica intre varful pistoletului i piesa de lucru. Se apasa
piedica pentru a obtine un arc pilor. Se transfera arcul
la piesa de lucru si se mentine un unghi de aproximativ
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Figure 1 shows the schematic diagram of the plasma
gouging. The work piece (1) is fastened on a work
bench and is connected to the terminal of the cutter /
gouger Powermax 45. The gouging pistol is bent at
45° as against the work piece. The advancement of the
pistol is given movement of the operator’s hand. This
one may slightly oscillate, so that we might obtain a
larger channel.

The gouging head consists in the following elements:

- the electrode (5) which is screened and connected
to the plasma generator,
- the nozzle (4) for the restraint of the plasma-arc,
- the protection nozzle (3) which is designed to
protect the electrode and
- the electromagnetic-field nozzle, which orients the
compressed-air jet (6) towards the work piece.
The plasma arc (7) is ignited by approaching the
gouging pistol to the work piece (1). Then, the pistol
advances at constant speed. The basic material is
melted with the plasma arc; and the compressed air
expels the molten material. Behind the advancing
pistol, one can see the gouged channel (2).
The startup is made as follows. Prior to the ignition,
the pistol is kept so that the nozzle to be at 1.5 mm to
the work piece. The pistol is kept at an angle of 45°
against the work piece, with a small slit between the
pistol point and the work piece. The lock is pressed, so
as to obtain a pilot arc. The arc is transferred to the
work piece and an angle of approximately 45-60° is
kept against the work piece, while the gouging is
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45-60° fata de piesa in timp ce se efectueaza craituirea.
Cu alte cuvinte, arcul de plasmd se deplaseaza in
directia de caituirie pe care dorim sd o realizam. Se
mentine o distantd mica intre pistolet si metalul topit
pentru a evita reducerea duratei de viatd a consuma-
bilelor (de exemplu lipirea metalului topit pe pistolet)
sau deterioarea pistoletului. Pentru a obtine o canelura
mai adancd se modificd unghiul pistoletului. Se poate
varia adancimea de crédituire prin modificarea
unghiului pistoletului fatd de piesa de lucru. [3, 5, 6]

La créituirea mecanizata a fost folosit dispozitivul de
avans liniar prezentat in Figura 2.

being achieved. In other words, the plasma arc
advances in the direction of the gouging to be
achieved. A small distance will be maintained between
the pistol and the molten material, in order to avoid a
reduction in the lifecycle of the consumables (for
instance, the molten metal sticking to the pistol) or the
deterioration of the pistol. With a view to obtaining a
deeper slot, the pistol angle will be modified. The
gouging depth may be varied, by the modification of
the pistol angle to the work piece.

For the mechanized gouging, linear advancement
device was used, which is shown in Figure 2.

Fig. 2. Dispozitivul de avans liniar pentru tdiere / craituire
Linear-advancement device for cutting / gouging

2. CERCETARE EXPERIMENTALA

La partea experimentala s-a folosit ca material de baza
otel S355J2 (SR EN 10025/2) cu compozitia chimica
prezentatd in Tabelul 1 si proprietatile mecanice
prezentate in Tabelul 2 si aliaj de aluminiu AIMg3
cu compozitia chimicd prezentatd in Tabelul 3 si
proprietatile mecanice in Tabelul 4. [4, 6, 7]

2. EXPERIMENTAL RESEARCH

As regards the experimental side, the basic material
consisted in steel S355J2 (SR EN 10025/2) whose
chemical composition is shown in Table 1 and whose
mechanical properties are shown in Table 2, as well
as in aluminum alloy AIMg3 whose chemical
composition is shown in Table 3 and the mechanical
properties are shown in Table 4.

Tabelul 1. Compozitia chimica a materialului de baza
Table 1. Chemical composition of basic material

Material | C Si | Mn P S Cu
S355J2 | 0.22 | 0.55 | 1.60 | 0.035 | 0.035 | 0.55
Tabelul 2. Proprietatile mecanice
Table 2. Mechanical properties
Material Flow limit | Resistance to traction | Elongation
Re [MPa] Rm [MPa] [%]
S355I12 355 510 - 630 13
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Tabelul 3. Compozitia chimica a materialul de baza
Table 3. Chemical composition of basic material

Material | Mn Fe Mg Si | Cr| Cu | Zn | Ti | others | Al
AlMg3 | 0.1-0.6 | 0.4 | 2.6-3.6 | 0.4 | 0.3 | 0.10 | 0.15 | 0.15 | 0.05 | Rest

Tabelul 4. Proprietati mecanice
Table 4. Mechanical properties

Material Flow limit | Resistance to traction | Elongation
Re [MPa] Rm [MPa] [%]

AlMg3 80 190 17
Acest material de baza este un otel cu continut scazut This basic material is a steel with low-carbon content,
de carbon care este folosit in general pentru structuri which is generally used for the welded structures.
sudate. In the case of the manual and mechanized plasma
La craituirea cu plasma (manualad i mecanizatd) s-au gouging, the technical data shown in Table 5 for the
folosit datele tehnice prezentate in Tabelul 5 pentru steel §355J2 and for the allow AIMg3, were used.

otelul S355J2 si pentru aliajul de AIMg3.

Tabelul 5. Date tehnice despre procesul de craituire
Table 5. Technical data regarding the gouging process

Manual plasma Mechanized plasma Manual plasma Mechanized plasma
S35512 S355J2 AlMg3 AlMg3

L. [A] 45 45 40 40
Q. [MPa] 0.5 0.5 0.6 0.6
v [mm/m] 780 1150 750 950
Gouging angle [°] 45 45 45 45
Gouged width [mm] 2.2 2.4 5.5 3.5
Gouged length [mm)] 50 50 50 50
Gouged depth [mm] 23 2.5 4.5 3

3. REZULTATE SI CONCLUZII 3. RESULTS AND CONCLUSIONS

A. Macrostructuri A. Macrostructures

Fig. 4. Macrostructuri craituite cu plasma:
a) manuala S355J2, b) mecanizata S355J2, ¢) manuald AIMg3, d) mecanizatda AIMg3
Plasma-gouged macrostructures:
a) manual §355J2, b) mechanized S355J2, c) manual AIMg3, d) mechanized AIMg3

Grosimea zonei craituitd este aproximativ 884 pm in The thickness of the gouged layer is of approximately
cazul craifuirii manuale cu plasma si 704 um in cazul 884 um in the case of the manual gouging, and of
craituirii mecanizate. 704 um, for the mechanized gouging.
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B. Microstructuri

La analizarea microscopica a suprafetelor craituite s-a
folosit microscopul Nikon Eclipse MA 100 cu marire
de x 500.

In Figura 5 se poate observa, ci structura materialului
este finisata si are loc o durificare superficiala.

B. Microstructures

With a view to microscopically analyzing the gouged
surfaces, the microscope Nikon Eclipse MA 100 for
magnification 500X.

One can see, in Figure 5, that the material structure
is finished and that a superficial hardness occurs.

Fig. 5. Microstructura zonei craituite cu plasma:
a) manuala S355J2, b) mecanizata S355J2, c) manuala AIMg3, d) mecanizata AIMg3
Microstructure of the plasma-gouged area:
a) manual S355J2, b) mechanized S355J2, c) manual AIMg3, d) mechanized AIMg3

Fig. 6. Microstructura zonei intermediare intre zona craituitd i zona materialului de baza (plasma):
a) manuala S355J2, b) mecanizatd S355J2, ¢) manuala AIMg3, d) mecanizata AIMg3
Microstructure of the intermediate area between the gouged area and the basic material (plasma):
a) manual S355J2, b) mechanized S355J2, c) manual AIMg3, d) mechanized AIMg3

Fig. 7. Microstructura materialului de baza craituit cu plasma:
a) manuala S355J2, b) mecanizata S355J2, ¢) manuala AIMg3, d) mecanizata AIMg3
Microstructure of the plasma-gouged basic material:
a) manual S355J2, b) mechanized S355J2, c) manual AIMg3, d) mechanized AIMg3

C. Duritatea

Pentru  determinarea  microduritdtii  suprafetelor
craituite manual $i mecanizat cu plasma s-a folosit un
microdurimetru FM 700 Ahotec, cu sarcina de 100g/
forta la scara HV .

Echipamentul este prevazut cu un sistem de achizitie
de date si cu softul adecvat pentru masurarea automata
a microduritatilor. Pentru fiecare proba s-au efectuat
cate 5 masurari, calculandu-se apoi media aritmetica a
celor cinci valori obtinute.

C. Hardness

In order to determine the micro-hardness of the
surfaces gouged with the manual and mechanized
plasma procedure a micro hardness metering device
FM 700 Ahotec, with the load of 100g/force, was
resorted to; and the scale of HV;y was used. The
equipment is provided with a data-acquisition system
and with the adequate software, for automatically
measuring the micro hardness. For each sample, 5
measurements were made and the arithmetic mean of
the obtained values was calculated.
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Intermediate
f BM HAT f zone

Fig. 8. Zonele de determinare a duritatii / Measurements areas

Tabelul 6. Valorile de duritdti masurate
Table 6. Hardness values

Plasma Plasma
Plasma manual . Plasma manual .
Procedure 335512 mechanized AlMg3 mechanized
S355)2 AlMg3
Average value in the 306 476 ]3 1 798
gouged area
Average value between the
wouged area and MB 248 265 78.3 79.2
Average value in MB 235 235 76.3 78.8
4. CONCLUZII 4. CONCLUSIONS
1. In cazul suprafetelor criituite mecanizat cu 1. The mechanized-plasma gouged surfaces have
plasma poate fi observatd o rugozitate mai mica, lower roughness; hence this procedure offers
factor ce demonstreazd cd acest procedeu ofera higher quality for welding compared with other
o calitate superioarda in compratie cu restul types of technologies.
tehnologiilor de craituire.
2. Ca element general procedeul tehnologic de 2. Plasma gouging is an ecological gouging
craituire cu plasma este unul ecologic, cu un technology.
impact redus asupra mediului
3. La aliajul de aluminiu calitatea suprafetei 3. In the case of the aluminum alloy, the gouged
(rugozitatea, aspectul) craituite este mai slaba in surface quality (roughness, aspect) is not smooth;
comparatie cu cea a otelului (suprafata nu este hence it has asperities.
netedd, prezintd asperitati).
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